Photoelectric photometry (UBV and some VRI) is presented for the close pair of open clusters Cr 394 and NGC 6716 and for the 6^64 classical Cepheid BB Sgr. Based upon the photometric data and star counts, the following parameters are derived for these clusters: Cr 394, {E B _ v ) = 0.25 + 0.01, V 0 -M v = 9.04 + 0.08, d = 643 + 25 pc, age^6x 10 7 yr, nuclear radius r n =9 arcmin, tidal radius R c = 27 arcmin (5 pc); NGC 6716, {E B _ v ) = 0.11 ± 0.01, V 0 -M v = 9.07 ± 0.17, d = 650± 52 pc, age^6x 10 7 yr, r n =l arcmin. The spatial location and inferred age for BB Sgr are consistent with coronal membership in Cr 394, whose center is located only 19.6 arcmin (3.6 pc) from the Cepheid. Its intrinsic luminosity and mean light color index as a cluster member are (M v ) = -3.08 + 0.12 and ((2? ) _ ( JO) 0 -0.75 + 0.02, respectively, values which are consistent with a location near the red edge of the Cepheid instability strip. Space-velocity data for Cr 394 members are needed to strengthen the case for cluster membership of this Cepheid.
I. INTRODUCTION
The 6<?64 Cepheid BB Sgr (a 1950 = ISHS^O, 0 1950 = -20° 21', / = 14°.66, b = -9°.00) lies less than 0°5 west of a loose grouping of B-and A-type stars known as Collinder (Cr) 394, and has been suggested to be a possible coronal member of this cluster by Tsarevsky, Ureche, and Efremov ( 1966) . The basis for believing BB Sgr to be a cluster member in this instance rests mainly upon its spatial coincidence with the corona of Cr 394 and its brightness relative to fainter cluster stars. There is a difference of less than 2 mag in apparent brightness between BB Sgr and the brightest cluster stars, so it is reasonable to suspect that BB Sgr may be the most luminous and evolved member of Cr 394, provided that the cluster is similar in age and distance to the values predicted for BB Sgr. To our knowledge, this suggestion has never been tested observationally. This paper presents photoelectric UBV (Johnson system) and VRI (Kron-Cousins system) photometry for Cr 394 and BB Sgr, and combines this with star counts for the region of the cluster to demonstrate that the Cepheid does indeed qualify as a likely member of Cr 394, in support of the arguments by Tsarevsky et al (1966) . Additional observations for a few stars in the nearby cluster NGC 6716 ( = Cr 393) indicate that it forms a double cluster with Cr 394. In fact, the coronal regions of these two clusters overlap spatially, although the region of overlap lies in a section of Cr 394 that is opposite to that containing BB Sgr. Cr 394 and NGC 6716 are close enough to make cluster members and BB Sgr ideal candidates for membership tests which could be made on the basis of proper motion and/or radial velocity data. As we point out here, future studies of this type are essential to allow BB Sgr to be added to the list of Cepheids in open clusters that can be used as calibrators for the Cepheid period-luminosity relation.
II. OBSERVATIONS
Photoelectric observations of stars in the region of BB Sgr, a Present address: Departamento de Astronomía, Universidad de Chile, Casilla 36-D, Santiago, Chile.
Cr 394, and NGC 6716 were obtained in March, April, and May of 1981 and May of 1982 using the University of Toronto's 0.6-m telescope at the Las Campanas Observatory of the Carnegie Institution of Washington. A few additional observations of BB Sgr and HD 174403 were obtained in September of 1981 using the 0.4-m and 0.9-m telescopes at Kitt Peak National Observatory. The majority of the observations were obtained using a dry-ice cooled 1P21 photomultiplier equipped with a filter set that provided a close match to the Johnson UBV system, while the remainder were obtained using a cooled EMI 9658R photomultiplier whose performance has been described by Fernie (1974) . Although the filter set for the EMI 9658R photomultiplier was designed to fully reproduce the Johnson UßFR/and the Kron-Cousins VRil systems, we found sizable nonlinear differences (of up to + 0 1 ? 1 ) in the ( U -AE ) colors of dwarfs of late B and early A spectral types as determined from observations with both photometers. These differences appear to result from the inability of the EMI 9658R photomultiplier-filter system to completely match the [U -B) colors of stars near the Balmer jump maximum. Following the cautionary remarks of Popper (1982) regarding the avoidance of systematic errors in UBV photometry, we decided to give high weight to the (U -i? ) colors obtained using the 1P21 photomultiplier.
The data are presented in Tables I and II, and the Table II data (NGC 6716) are based solely on observations with the EMI 9658R photometer. These were transformed to the UB V system as carefully as possible using observations of stars in Cr 394 as a guide. No spectroscopic observations were made in this study, and the spectral types given in the tables are from the HD Catalogue or from Lindoff (1971) . Intrinsic colors were taken from the tables of Johnson (1966), and Fernie's (1983) relations were used to transform Johnson's FR/colors to equivalents in the KronCousins system. ' n(UBV)/n(VRI).
Color excess appropriate for a star of spectral type BO V. Mil spectral type and photometric membership status according to the following code: m = cluster member, fg = foreground star, bg = background star. Table II . Observations of stars in NGC 6716. Lindoff (1971) or III) and photometric membership status according to the following code: m = cluster member, fg = foreground star, bg = background star. Fig. 4 is a similar diagram for stars in NGC 6716. NGC 6716 lies further from the galactic equator than Cr 394, and the small reddening of cluster stars found here {(E B _ V ) = 0.11 + 0.01 m.e.) appears to be due to foreground extinction by dust clouds lying close to the galactic plane. The reddening of Cr 394 stars is larger ((E B _ v ) = 0.25 + 0.01 m.e.) and less uniform, and an inspection of the POSS plates containing the cluster reveals that the small amount of differential reddening observed in Cr 394 originates from a few faint strands of foreground dust which extend visibly into the region of the cluster from the west. Fig. 3 . Color-color diagram for stars in the nucleus of Cr 394 (dark circles), in the corona of Cr 394 (light circles), and in the region of BB Sgr (dotted circles). The intrinsic relation is plotted as the solid curve, and lines show the adopted reddening relation for the region.
III. COLLINDER 394 AND NGC 6716 Figure 3 is a color-color diagram [(U -B) versus (B -V)] for stars in Cr 394 and its surroundings, while
It was found that a reddening law of "standard" slope E u _ b /E b _ v = 0.75 (or 0.72) did not produce similar color excesses for spatially adjacent cluster stars. A standard reddening slope also tended to make B-type cluster members more reddened and more distant than adjacent A-type cluster members, and increased the dimensions of the main-sequence "gap" at spectral type A2 in the cluster color-magnitude diagram. A simple test using the close pair of stars 69 and 70 indicated that a reddening slope of E U _ B /E B _ v = 0.70 + 0.02 must apply if spatially adjacent cluster stars have similar reddenings. This relation agrees well with results that can be predicted from the cluster's galactic location. The space reddening of Cr 394 stars originates with dust clouds belonging to the nearby Gould's Belt system, and the reddening parameters for this system at the galactic B-V Absolute magnitudes M v were adopted for each star using the zero-age main-sequence (ZAMS) calibration of Turner (1976 Turner ( , 1979 . This procedure underestimates the luminosities of unresolved binaries and single stars which have evolved away from the ZAMS, but also permits the distance to each cluster to be established from a variable-extinction diagram, provided that the ZAMS is reasonably well populated for each and that there is some differential reddening present. Figüfe 6 is a variable-extinction diagram for Cr 394 and NGC 6716, from which it can be established that (i) variable reddening is present across the region of the two clusters, (ii) a normal reddening law of slope R = A V /E B _ v = 3.1 ( + 0.3 estimated uncertainty) appears to apply to the foreground extinction, and (iii) both clusters lie at similar distances. Since there is no evidence for an anomalous extinction law in this region, we have assumed that i? = 3.1 is valid for cluster stars.
The cluster distances have been determined using stars that appear to be single, unevolved, ZAMS members. The mean distance modulus for the 15 "best-fitting" stars in Cr 394 is (V 0 -M v ) = 9.04 + 0.08 s.d. ( + 0.02 m.e.), which corresponds to d = 643 ± 25 pc ( 4; 6 pc m.e.). The mean distance modulus for the five best-fitting stars in NGC 6716 is (V 0 -M v ) = 9.07 + 0.17 s.d. ( + 0.08 m.e.), which corresponds tod = 650 + 52 pc ( + 23 pc m.e.). LindofF(1971) estimated the distance of NGC 6716 to be -600 pc in his study. The agreement in derived distances for Cr 394 and NGC 6716 is excellent and, along with their close similarity in age, justifies the conclusion that they form a double cluster. The cluster centers are separated by only 7 pc in projected distance and, as mentioned in Sec. I, their coronal regions merge in the region midway between their centers.
Reddening-free color-magnitude diagrams for the two clusters are presented in Figs. 7 and 8, from which it should Fig. 8 . Reddening-free colormagnitude diagram for NGC 6716 with symbols as in Fig.  4 . Diamond symbols denote photometric data from Lindoff (1971) . A possible nonmember is bracketed, and the solid relation is the ZAMS. 1235 be evident that both are of comparable age. The photoelectric and photographic data of Lindoff (1971) for NGC 6716 have been included in Fig. 8 , following adjustment to the present system and correction for the mean cluster reddening. A formal comparison of the data for Cr 394 stars with stellar-model age isochrones published by Maeder and Mermilliod (1981) results in an estimated cluster age of ~ 5 X10 7 yr with respect to standard evolutionary models, or ~6X 10 7 yr with respect to models that include core overshooting.
The age of NGC 6716 is more difficult to establish since the main-sequence turnoff is more sparsely populated than in Cr 394. The location of the turnoff stars in NGC 6716 is generally similar to the location of the turnoff stars in Cr 394, yet their ages cannot be specified to the same degree of precision. A probable age of between (5-8) X 10 7 yr applies to NGC 6716 when these stars are compared with age isochrones for standard stellar models, or between (6-10) X 10 7 yr with respect to models that include core overshooting. The presence of a pre-main-sequence at M v~ + 4 in Fig. 8 appears likely to be real, in which case a turnon point age of ~ 6 X 10 7 yr can be derived for NGC 6716 using the models of Ulrich (1971) and the assumption that the initial mass fraction of 3 He for cluster stars was A r ( 3 He)/ iV( 3 He -1-4 He)c^0.001. It is interesting to note that the probable pre-main-sequence members of NGC 6716 infer a cluster age that is almost identical to that of Cr 394.
The cluster dimensions which are illustrated schematically in Figs. 1 and 2 were established from star counts made from an enlargement of the POSS E plate of the region. Strip counts taken in several different directions were used to determine the center of symmetry for each cluster, and these were followed by ring counts to estimate the dimensions of the nuclear regions for each cluster. The star counts were limited to 14 in order to avoid undue contamination by the rich background of faint stars. This limit reaches to spectral type ~ GO for main-sequence stars in each cluster, and was sufficient to establish the dimensions of both. Under the (admittedly) unproven assumption that both clusters are spherically symmetric, the derived radii for their nuclear regions are r n =9 arcmin for Cr 394 and r n =1 arcmin for NGC 6716. The corresponding cluster diameters are 3.3 and 2.6 pc, respectively.
Although it was not possible to establish coronal dimensions for NGC 6716 owing to its close proximity to the edge of the POSS field, statistically meaningful ring counts were possible for the coronal region of Cr 394, as shown in Fig. 9 . The relatively smooth variation in foreground reddening across the field is particularly useful for establishing a reliable field-star density from the outermost rings. The derived coronal radius for Cr 394 is 27 arcmin, which corresponds to a cluster coronal diameter (or tidal diameter) of 10 pc. Cr 394 would probably be gravitationally unbound if it were any larger than 10 pc in diameter (Widen 1971) . BB Sgr is 19.6 arcmin (or 3.6 pc) from the center of Cr 394, and lies projected well within the tidal limits of the cluster.
The star counts produce new values for the coordinates of the cluster centers and estimates for the number of cluster members brighter than V~ 14. The center for Cr 394 is located at a 1950 = 18 h 49 m 24 s , <5 1950 = -20° 18' 38", and the cluster contains 119 + 5 stars brighter than 14 within its coronal radius, and 44+1 stars brighter than F^14 within its nuclear radius. The center for NGC 6716 is located at a 1950 = 18 h 51 m 31 s , <5 195 o= -19° 57' 35", and the cluster Fig. 9 . Star densities (above F~14) in Cr 394 as a function of ring radius, with the adopted field level indicated.
contains 41 + 1 stars brighter than F~14 within its nuclear radius. The new cluster centers found here differ slightly from previously published estimates.
IV. BB SAGITTARII Table III and Fig. 10 present UB VRI observations for BB Sgr obtained during our observing runs. The data represent absolute, rather than differential, photometry, and have larger internal errors than the differential photometry for BB Sgr published recently by Gieren (1981) and Moffett and Barns (1984) . The phase coverage for the observations, as determined from the parameters given in the General Catalogue of Variable Stars (Kukarkin et al. 1970; cf. Gieren 1981) , is fairly complete, and the data can be usefully compared with the observations of Gieren, and Moffett and Barnes. Small differences in magnitudes and colors are evident from such a comparison, and presumably these can be accounted for by the different techniques used to standardize the observations and, for the Moffett and Barnes data, by the different VRI systems used.
We have listed in Table IV a few of the fundamental magnitudes and colors for BB Sgr that are derived from our data. These are in fairly good agreement with similar parameters for BB Sgr published by Schaltenbrand and Tammann (1971) . Tammann (1970) has published a Cepheid period-age relation, applicable to stars in the second or higher crossing of the instability strip, based upon the stellar evolutionary models of Kippenhahn and Smith (1969) . As applied to BB Sgr, the result is a predicted age of 5.3 ( + 1.1)X 10 7 yr. Inclusion of the effects of core overshooting in the models, as in Maeder and Mermilliod (1981) , would increase this estimate by -10 7 yr. In either case, it seems clear that BB Sgr is virtually identical in age with Cr 394 members, unless it is in the highly unlikely situation of being in the first crossing of the instability strip. This coincidence in age, combined with the Cepheid's spatial location, makes a good case for the probable membership of BB Sgr in Cr 394.
The reddening of BB Sgr can be determined using earlytype stars that lie within 7 arcmin of the variable (Turner 1984) . Whether or not they are members of Cr 394 is immaterial in this instance, since they all appear to be more distant than the dust cloud that is responsible for the foreground reddening. The result, as converted to the reddening appropriate for an F supergiant, is F = 0.30 ± 0.02, which yields a mean light color index of ((^ - Schmidt (1984) from his studies of the standard calibrating clusters, this difference may not be overly important. BB Sgr appears, after all, to be significantly redder at mean light than typical Cepheids of the same period, and also exhibits a Table III . Uncertain data points are bracketed.
light amplitude that is 0^4 smaller in B than the maximum observed value for such objects [AB m&x~\ ™?> at Its somewhat underluminous absolute magnitude may therefore be partially due to its location near the red edge of the instability strip. It is also conceivable that we have underestimated the distance to Cr 394 from our ZAMS fit, although certainly not by as much as O'PS in distance modulus.
The star counts of Fig. 9 are also pertinent to any discussion of cluster membership for BB Sgr. The region within 7 arcmin of the Cepheid, which was used to establish its field reddening, contains 22 stars brighter than F~14, of which 5 + 3 are predicted from the star counts to be coronal members of Cr 394. Only nine of these stars (including BB Sgr) were included in the photometric program, and five of these seem certain to be foreground or background objects. The eclipsing system HD 174403 has also been identified as a possible foreground star (cf. Turner and Pedreros 1983), despite its unique location in Fig. 7 at the bright end of the evolved cluster main sequence. Currently available observations therefore make it possible to establish, at most, three of the observed stars within 7 arcmin of BB Sgr as possible coronal members of Cr 394, namely stars 71, 76, and BB Sgr itself. Since the survey is only 41 % complete to Vczl 14 and is Table IV . Observed and deduced parameters for BB Sgr. concentrated mainly on the brighter stars in the field, one can at best conclude that membership of BB Sgr in Cr 394 is not at variance with the star counts, although a deeper and more complete survey is needed to pursue the argument further. On statistical grounds, the membership of BB Sgr in Cr 394 can therefore be considered as a likely, but poorly established, possibility. A clear decision on the matter must surely await the results of a membership study that is based upon space-velocity data for BB Sgr and cluster stars. 
